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ABSTRACT 

BK and JC polyomaviruses can reactivate after transplantation, causing renal 
dysfunction and graft loss. The incidence of JC reactivation after renal trans- 
plant is not well understood. Here, we characterized JC reactivation using 
samples collected during the first year after transplantation from 200 kidney 
recipients. We detected BK and JC viruses in the urine of 35 and 16% of 
transplant recipients, respectively. The median viral load in the urine was 400 
times higher for BK virus than JC virus. The presence of BK viruria made 
concurrent JC viruria less likely: JC viruria was detected in 22% of non-BK viruric 
recipients compared with 4% of BK viruric recipients (P = 0.001). The co- 
detection rate was 1.5%, which is less than the expected 5.6% if reactivation of 
each virus was independent (P = 0.001). We did not observe JC viremia, JC 
nephropathy, or progressive multifocal leukoencephalopathy. The onset of JC 
viruria was associated with donor, but not recipient, JC-specific antibody in a 
titer-dependent fashion and inversely associated with donor and recipient 
BK-specific antibody. Donor and recipient JC seropositivity did not predict BK 
viruria or viremia. In conclusion, among renal transplant recipients, infection 
with one polyomavirus inversely associates with infection with the other. 
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The human polyomaviruses, JC and BK, 
cause asymptomatic childhood infec- 
tions and then persist in various sites in- 
cluding the uroepithelium. 1 Reactivation 
in the renal- urinary system manifests as 
viruria. 1 - 2 In healthy Swiss blood donors, 
viruria rates were 7 and 19% for BK and 
JC virus, respectively. 2 After renal trans- 
plantation, the incidence of viruria for 
each virus increases to 58%. 3 ~ 7 

BK is the major etiologic agent of 
polyomavirus-associated nephritis oc- 
curring in up to 10% of renal trans- 
plant recipients (RTRs). 8 - 10 JC ne- 



phropathy, in contrast, is rare and 
comparatively benign. 8-10 Most studies 
report that urinary co-activation of 
both viruses in non-RTRs is unusu- 
a l 2,7,11-13 However, large prospective 
studies examining the interaction of JC 
and BK reactivation and serology in 
RTRs are lacking. Our study deter- 
mined the incidence of JC viruria and 
viremia in prospectively collected 
urine and blood samples from 200 
RTRs initially tested for BKV; 8 were 
lost to follow-up and excluded. 14 - 17 
We also explored the interactions of JC 



and BK serology on the incidence of JC 
and BK infection. 

JC viruria was detected in 30 (16%) 
recipients. Twelve were anuric at the 
time of transplant, and no pretrans- 
plant urine sample was available. The 
first post-transplant urine samples 
were collected at 6 to 18 days after 
transplant; six of these first samples al- 
ready contained detectable JC DNA 
but no BK DNA. Of the recipients who 
developed JC viruria, 16 (53%) were 
viruric within 1 week, 9 (30%) at be- 
tween week 1 and 1 month, and 5 
(17%) at >1 month after transplanta- 
tion. The median time to onset of JC 
viruria was 1 1 days. No recipient devel- 
oped JC viremia, and no JC-polyoma- 
virus associated nephropathy was de- 
tected. The median JC viruria viral load 
was 6.39 log 10 copies/ml (range 3 to 
8.83 log 10 copies/ml) compared with 
the median BK viruria viral load of 8.98 
log 10 copies/ml determined previ- 
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ously. 14 The baseline characteristics of 
patients (age, gender, race, cause of 
ESRD, type of transplant, cold isch- 
emia time, HLA mismatch, or type of 
calcineurin inhibitor used) who did or 
did not develop JC viruria were similar, 



except that recipients with transient JC 
viruria (positive urine at a single time 
point) were older (62.3 ± 9.8 versus 
45.5 ± 13.6 years; P = 0.003). Four 
pairs of recipients received a kidney 
from the same donor in this study. In 



one pair, both developed JC viruria, 
but only one from each of the three 
other pairs developed JC viruria (k = 
-0.429, P = 0.400). This lack of con- 
cordance suggests that JC reactivation 
occurs in the native kidney on immu- 



100- 



£ 



60- 



01 

or 



P=0.113 



JC 



negative 


g 


poslive 


negative-censored 


« 60 


posilive -censored 


> 




> 




k 




3 




M 








c 




.2 40 








IS 




a. 



^mmL*o*^^J ' 



~l 1 1 1 1 

12 3 4 5 

Time after Transportation (years) 



B 



100 



20- 



P-0.644 



JC 

negative 
positive 
• negative-censored 
positive-censored 



Time after Transplantation (years) 




Si 

_ 60-1 

re 

> 

i 

3 
W 

e 

re 40- 
O 



20" 



P=0.261 



JC 

negative 
positive 

negative-censored 
positive-censored 



2 3 4 5 

Time after Transplantation (years) 



C. SO- 
> 



a 60- 



C3 

01 



40" 



<u 
Q 



20" 



P=0.211 



JC 

'negative 
posilive 

negative-censored 
positive-censored 



2 3 4 5 

Time after Transplantation (years) 



Figure 1. Overall clinical outcome is favorable for those with JC viruria. (A) There was a trend for the incidence of acute rejection to 
be lower among those with JC viruria in the first year after transplant. (B) Patient survival did not differ between those who had JC viruria 
in the first year after transplant and those who did not. (C) There was a trend for graft survival to be higher among those who had JC 
viruria in the first year after transplant. (D) There was a trend for death-censored graft survival to be higher among those who had JC 
viruria in the first year after transplant. 
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nosuppression, in contrast to BK, 
which is most likely donor-derived in 
the first year after transplantation and 
reactivates in the donor-allograft kid- 
ney. 15 Alternatively, transmission may 
be relatively inefficient and does not 
occur in every case when JC viruria is 
introduced with an allograft kidney. 
Other factors, such as BK seropositivity 
or reactivation, may also decrease the 
likelihood of JC reactivation, as de- 
scribed below. 

The clinical outcome of JC viruric 
RTRs was favorable up to 5 years after 
transplant. Neither donor type (deceased 
or living) nor immunosuppressive regi- 
men affected the development of JC viru- 
ria. In the first year, acute rejection oc- 
curred in of 30 (0%) JC viruric versus 1 1 
of 162 (7%) non-JC viruric patients. By 5 
years, 2 (7%) JC viruric and 23 (14%) 
non-JC viruric patients (P — 0.113, P = 
0.05 excluding noncompliant patients) 
developed acute rejection (Figure 1A). In 
contrast, there was no change in the 
acute rejection rate based on BK viruria 
status, with and without stratification by 
JC viruria status. JC viruria status did not 
predict patient survival (Figure IB). 
Graft survival (P = 0.261) and death- 
censored graft survival (P = 0.211) were 
not decreased in JC viruric patients (Fig- 
ure 1, C and D). Serum creatinine did not 
differ between those with and without JC 
viruria. 

We then looked at JC serology in rela- 
tionship to JC viruria. Forty-one of the 
72 donors (57%) and 93 of the 143 recip- 
ients (65%) from whom specimens were 
available tested positive for JC antibod- 
ies. Neither recipient JC serostatus nor 
JC antibody titer was associated with the 
development of or time to JC viruria. In 
contrast, positive donor JC antibody se- 
rostatus was associated with the develop- 
ment of JC viruria in the recipient (P = 
0.025; Figure 2A), and this likelihood in- 
creased in a titer-dependent fashion (P = 
0.01; Figure 2B). JC viruria in recipients 
of kidneys from JC-seropositive donors 
also occurred earlier, with a median on- 
set of 13 versus 90 days (P = 0.029). 

BK and JC viruses seemed to have in- 
hibitory interactions. Of the 1133 urine 
samples tested, 121 (10.7%) contained 



detectable JC DNA. JC viruria was de- 
tected in 22% of non-BK viruric recipi- 
ents compared with 4% of BK viruric re- 
cipients (P = 0.001). JC DNA was 
detected in 113 (13%) of BK-negative 
urine samples compared with 8 (3%) of 
BK-positive urine samples (P < 0.0001; 
Table 1). 

Interestingly, the onset of JC viruria 



was associated with both donor and re- 
cipient BK seronegativity (P = 0.002 and 
P = 0.05 in Figure 3, A and B, respec- 
tively). The likelihood of developing JC 
viruria was the lowest in the BK antibody 
D+/R+ group and highest in the BK an- 
tibody D-/R- group (P = 0.006; Figure 
3C). The likelihood of developing JC 
viruria also increased in an inverse step- 
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Figure 2. Donor JCV seropositivity strongly associates with development of JC 
viruria in the recipient. (A) Positive donor JCV serostatus predicts the development 
of JC viruria in the recipient in the first 60 days after transplant. Donor pretransplant 
serum samples were available for 72 recipients. At 60 days, the incidences of JC 
viruria were 3.2 and 22.0% in recipients of kidneys from seronegative and sero- 
positive donors (P = 0.025), respectively. Recipients are censored after their last 
available urine sample (+) or at 365 days. (B) Donor JCV antibody titer predicts the 
development of JC viruria in the recipient in the first year after transplant in a 
dose-dependent fashion. Among the 72 donor pretransplant serum samples, the 
reciprocal JCV Ab titers were s160 in 5, 640 in 26, 2560 in 24, 10,240 in 11, and 

> 40, 960 in 6. At 365 days, the incidences of JC viruria by reciprocal antibody titer 
were 0% for < 160, 11.5% for 640, 8.3% for 2560, 27.3% for 10,240, and 66.7% for 

> 40, 960 (P = 0.001). Recipients are censored after their last available urine sample 
(+) or at 365 days. 
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Table 1. Concurrence of BK and JC viruria in recipients in the first year after 
transplant 



Viruria Status Urine Samples (n = 1133) 



Recipients (n = 192) 



BK-/JC- (%) 


65.9 


BK-/JC + (%) 


10.0 


BK+/JC- (%) 


23.4 


BK+/JC+ (%) 


0.7 



<0.0001 



49.5 

14.0 

34.9 

1.6 



0.001 



a P values are derived from the x z test 

wise fashion in relation to the donor BK 
antibody titer (P = 0.016; Figure 3D). 
The median time to onset of JC viruria 
was not significantly different in recipi- 
ents of kidneys from BK-seropositive do- 
nors compared with seronegative donors 
(26 versus 13 days; P = 0.831). In con- 
trast, no association was observed be- 
tween donor and recipient JC serostatus 
and incidence or onset of BK viruria. 

It has been hypothesized that JCV and 
BKV co-activate at low rates in immuno- 
suppressed states. We found a co-activa- 
tion rate of 1.6%, which is 3.5 times 
smaller than a predicted rate of 5.6% if 
the two polyomaviruses reactivated in- 
dependently. This shows that the reacti- 
vation of one polyomavirus is negatively 
associated with the reactivation of the 
other in the same patient, a finding not 
previously reported. 

The basis for this negative association 
between JC and BK is unclear. Active 
replication by one polyomavirus may in- 
terfere with the replication of the other 
by competing for the same cellular repli- 
cation machinery or by direct inhibition. 
Because JC viruria after transplant oc- 
curs sooner than BK viruria (median, 11 
versus 40 days), early JC reactivation may 
inhibit subsequent BK reactivation by 
the above mechanism. Other mecha- 
nisms include the immune response re- 
sponsible for keeping BKV and JCV be- 
low pathogenic levels, 1 especially the 
humoral immune response. Our data 
suggest that presence of the JC antibody 
is a surrogate marker for the activity of JC 
infection in the donor kidney, a relation- 
ship similar to that which we observed 
for BK. 16 Interesting, we also observed an 
inverse relationship between donor BK 
antibody titer and recipient JC viruria. 
We suspect that this is because donor BK 
antibody titer is associated with recipient 
BK viruria, and BK viruria seems to have 



an inhibitory effect on JC viruria. The in- 
verse relationship between recipient BK 
antibody titer and JC viruria, however, 
points to humoral cross-protection. Al- 
though these anti-BK antibodies cannot 
clear well-established BK infections with 
high copy numbers, 16 - 18 they may play a 
prophylactic role against subsequent JC 
infection with low copy numbers. Our 
finding parallels the observation that, in 
immunocompetent individuals, JC viru- 
ria was more prevalent in subjects sero- 
positive for only JC viruria compared 
with subjects seropositive for both JC 
viruria and BK viruria. 2 Future studies 
are needed to assess adequately the con- 
tributions of the innate, humoral, and 
cellular immune systems in the post- 
transplantation period. 

Clinically, we found a surprising 
trend for a lower acute rejection rate 
and improved graft survival among 
those who had JC viruria that is unex- 
plained by the decreased incidence of 
BK infection in those with JC viruria. 
We hypothesize that, because JC viru- 
ria is benign by itself and a negative 
predictor for the more serious BK in- 
fection, its presence is a marker of ade- 
quate immunosuppression as reflected 
by a trend toward lower acute rejection 
and improved graft survival. From a clin- 
ical management perspective, these data 
establish definitively that reduction of 
immunosuppression in the case of JC 
viruria (16% incidence in the first year) is 
not indicated, because it predicts nega- 
tively against the more serious BK reacti- 
vation and that the long-term outcomes 
are good, if not more favorable, in JC 
viruric patients. We cannot say whether 
JC viremic patients warrant reduction of 
immunosuppression. However, its ab- 
sence from our study population of 192 
patients confirms previous findings that 
JC viremia, and by extension JC ne- 



phropathy, is not a common clinical 
problem. 7 - 19 ~ 21 We have ongoing studies 
investigating the possible beneficial asso- 
ciations of JC viruria. If it is shown con- 
clusively that JC viruria is associated with 
lower acute rejection and better graft 
survival, clinicians may consider incor- 
porating JC viruria monitoring into rou- 
tine clinical practice. 

There are limitations to our study. 
We used stored samples for analysis. 
DNA, however, is stable at -80°C. 
Also, antibody testing was available 
from only 72 (36%) donors and 143 
(72%) recipients. Nonetheless, this is 
the largest cohort of donor and recipi- 
ent pairs that have been analyzed for JC 
and BK antibody and reactivation in 
renal transplantation to date. 

In conclusion, we showed that in- 
fection by one polyomavirus is nega- 
tively associated with reactivation of 
the other. We provide evidence that JC 
reactivation in RTRs is less likely to be 
donor-derived but, as is the case for 
BK, recipient JC seropositivity does not 
protect against JC reactivation. Our 
data suggest that JC viruria in the ab- 
sence of JC viremia marks adequate but 
not overimmunosuppression, poten- 
tially leading to a lower acute rejection 
rate. Monitoring for JC viruria and 
viremia might provide a way to moni- 
tor and adjust immunosuppression. 



CONCISE METHODS 



Subjects and Samples 

Two hundred de novo RTRs were followed 
prospectively for 1 year as part of single 
center randomized clinical trial. 14 Urine 
and blood samples initially tested for BK 
virus were stored at — 70°C. The Washing- 
ton University Human Research Protection 
Office approved the trial and allowed for 
additional testing. 

Eight patients were lost to follow-up, 
leaving 192 recipients. Urine and blood 
samples collected at presentation, 1 week, 
and 1, 3, 6, 9, and 12 months after trans- 
plantation were tested for JC DNA. JC an- 
tibody testing was performed on donor and 
recipient blood samples. Pretransplant 
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Figure 3. Both donor and recipient BK seropositivity negatively associate with the development of JC viruria in the recipient. (A) 
Positive donor BKV serostatus is associated with a lower likelihood of the development of JC viruria in the recipient in the first year after 
transplant. Donor pretransplant serum samples were available for 80 recipients. At 365 days, the incidences of JC viruria were 33.3 and 
7.5% in recipients of kidneys from BK seronegative and seropositive donors (P = 0.002), respectively. Recipients are censored after their 
last available urine sample (+) or at 365 days. (B) Positive recipient BKV serostatus is associated with a lower likelihood of the 
development of JC viruria in the recipient in the first year after transplant. Pretransplant serum samples were available for 141 recipients. 
At 365 days, the incidences of JC viruria were 22.9 and 1 0.8% in BK seronegative and seropositive recipients (P = 0.05), respectively. 
Recipients are censored after their last available urine sample (+) or at 365 days. (C) D+/R+ BKV serostatus is associated with a lower 
likelihood of the development of JC viruria in the recipient in the first year after transplant. Of the 65 donor/recipient pairs, 31 were 
D+/R+, 13 were D+/R-, 12 were D-/R + , and 9 were D-/R- for BKV antibodies. At 365 days, the incidences of JC viruria by BKV 
serostatus were 3.2% for D+/R + , 7.7% for D+/R-, 25.0% for D-/R+, and 44.4% for D-/R- (P = 0.006). Recipients are censored after 
their last available urine sample (+) or at 365 days. (D) BKV antibody titer predicts against development of JC viruria in the recipient 
in a dose-dependent fashion. Among the 80 donor pretransplant serum samples, the reciprocal JCV Ab titers were <640 in 27, 2560 
in 22, 1 0,240 in 1 7, and >40960 in 1 4. At 365 days, the incidences of JC viruria by reciprocal antibody titer were 33.3% for <640, 1 3.6% 
for 2560, 5.9% for 1 0,240, and 0% for >40,960 (P = 0.01 6). Recipients are censored after their last available urine sample (+) or at 365 
days. 



samples were available from 72 (36%) do- 
nors and 143 (72%) recipients and tested 
for JC antibody and BK antibody as de- 
scribed previously. 15 



JC PCR Assays 

A JC-specific quantitative real-time PCR 
assay was established using the LightCycler 
System version 1.0 (Roche Diagnostics, In- 



dianapolis, IN). Primers JC-F CTATCCA- 
CACAAGTGGG and JC-R AAAGTTGCT- 
CATCAGCC were used to amplify a 205-bp 
region of the gene encoding the JC viruria 
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large T-antigen. Nucleic acid extraction 
from plasma and urine samples was per- 
formed using QIAamp spin columns (QIA- 
GEN, Valencia, CA) as described previ- 
ously. 14 The PCR cycling conditions were 
95°C for 8 minutes and then 50 cycles of 
95°C for 10 seconds, 54°C for 10 seconds, 
and 72°C for 8 seconds, followed by cooling 
at 30°C for 30 seconds. Probes JC probe 1FL 
ACAGGGGCAATGCACTG-FL and JC 
probe 1RD LC Red640-GGATTAGTG- 
GCACAGTTAGGCC (TIB Molbiol, Adel- 
phia, NJ) were used to detect the JC viruria 
PCR product. The positive control was a 
plasmid containing the JC viruV genome 
(Advanced Biotechnologies, Columbia 
MD). The JC viruria assay was performed 
using 2 fiA nucleic acid extract from plasma 
or urine and regularly detected a control 
containing 1000 plasmid copies/ml. The as- 
say was specific for JC viruria and quanti- 
fied at Washington University. The detec- 
tion of 100 copies of JC DNA was not 
inhibited by the presence of 10 7 copies of 
BK DNA. Five different JC concentrations 
(1 X 10 6 , 1 X 10 4 , 1 X 10 2 , and 1 X 10 1 , and 
1 ) were used to generate a standard curve, and 
quantitative viral titers were calculated by 
LightCycler software version 1.0. Infections 
were divided into "sustained" and "tran- 
sient," with sustained defined by the detec- 
tion of JC DNA in at least two consecutive 
samples spanning >3 weeks. 

BK Antibody and JC Antibody 
Enzyme Immunoassay 

BK- and JC-specific IgG antibodies were 
measured using virus-like particles (VLPs) 
made by expressing BK or JC VP1 proteins in 
baculovirus vectors in insect cells and then 
preparing the VLPs for use in the ELISA as 
described previously. 22 - 23 Starting at a 1:40 di- 
lution, samples were diluted in plate-wells in se- 
rial fourfold increments. A positive threshold 
was set at a spectrophotometer absorbance of 
0.05 greater than that of appropriate serum 
controls. Samples with antibody titers > 1:2560 
were considered to be seropositive to eliminate 
concerns for cross-reactivity with other polyo- 
maviruses. Controls included VLPs for BK, JC, 
or SV40 as appropriate. 

Statistical Analysis 

Results of continuous data are reported as 
medians followed by maximum and mini- 



mum values. ANOVA was used for compari- 
sons of means between groups. Fisher's exact 
test was used for comparisons of categorical 
data. Survival analysis and the log-rank test 
were used to compare the prevalence of viru- 
ria over time. 
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